This study investigates choice certainty, choice consistency, and choice monotonicity and their underlying common and idiosyncratic determinants in discrete choice experiments. We test the equality of choice behaviour between respondents who differ with respect to these concepts. Our results suggest that there are significant differences in the choice behaviour between certain and uncertain, as well as consistent and inconsistent, respondents. The hypothesis of equality of choice behaviour between samples with and without a self-reported choice certainty follow-up question cannot be rejected. We identify a variety of idiosyncratic determinants of choice certainty, consistency, and monotonicity, but only the time spent reading informational pages and gender are identified as common drivers. We find that female respondents are less certain about their choices, but display a higher degree of monotonicity and consistency in their choice behaviour.
Introduction
This study investigates choice certainty, choice consistency, and choice monotonicity in the context of discrete choice experiments (DCE). There is heterogeneity in the choice literature on the definition of these terms. Our definitions follow the most common practice in the DCE literature, as identified by a literature review of studies which assess the determinants of certainty, consistency, and monotonicity (see Section 2) . 'Choice certainty' henceforth refers to 'stated choice certainty', as it is based on respondents' self-reported answers to a question on choice certainty after each choice task. In the broader microeconomic literature, 'choice consistency' is often linked to the axiom of transitivity (e.g. Jehle and Reny 2001) . However, we follow the definition by Carlsson, Mørkbak, and Olsen (2012) , and define choice consistency as 'making the same choice in two equal choice tasks'. An identical definition of choice consistency is used in the DCE literature on the determinants of consistency in a test-retest setting (Brouwer, Logar, and Sheremet 2016; Mørkbak and Olsen 2015; Rigby, Burton, and Pluske 2016; Schaafsma et al. 2014) . Finally, 'choice monotonicity' is assumed to hold if a respondent chooses a non-dominated alternative in a choice task that contains a dominated alternative, which is a hypothetical alternative that is worse than at least one other alternative in a choice task with respect to all attributes.
The rationale to investigate these concepts simultaneously is threefold. First, in contrast to the existing literature, an integrated analysis of the three constructs on the basis of an identical sample of respondents allows us to examine how they relate to each other and to identify their common and idiosyncratic drivers. Second, although a number of studies investigate potential determinants of choice certainty and choice consistency separately, we are not aware of any studies in the field of environmental economics that aim to identify the drivers of choice monotonicity in DCEs. The simultaneous analysis allows us to assess whether the drivers of choice monotonicity are common to the determinants of choice certainty and consistency, or whether they are idiosyncratic. Finally, the existence of all three concepts disagrees with the conventional assumptions made in microeconomics that people know their preferences, and that these preferences are stable, coherent, and rationally maximised (e.g. Brown et al. 2008; Rabin 1998) . Choice monotonicity in the framework of microeconomics is related to the axiom of consumer choice, which, in its strict formulation, implies that more is always better than less (e.g. Jehle and Reny 2001) . Accordingly, in the context of a DCE, a choice alternative should be preferred over another alternative when the first is better on one attribute and at least as good on all the other attributes. The existence of choice uncertainty, inconsistency, and non-monotonicity is hence typically ruled out in DCEs. However, even if evidence for their existence is found, this does not necessarily imply choice irrationality. Preferences are, for example, allowed to shift between choice tasks (Rigby, Burton, and Pluske 2016) . In addition, a key assumption in random utility theory (McFadden 1974) , which underlies the DCE method, is the existence of an informational asymmetry between the decision maker and the analyst. Thus, it is not always straightforward to identify all the underlying causes of choice behaviour from the choice information collected in a DCE. Choice behaviour may be, for example, driven by attributes which are present in a respondent's utility function but not included in a DCE. In this case, a behavioural violation of conventional assumptions would reflect more a misspecification of the DCE than evidence for choice irrationality. It is nevertheless relevant to detect the degree to which choice uncertainty, inconsistency, and non-monotonicity are present, since they affect the outcomes of choice models. Moreover, identifying their determinants is of interest, as it may help to minimise their causes. The occurrence of uncertainty, inconsistency, and non-monotonicity is especially likely in DCEs in an environmental context, since respondents are often confronted with unfamiliar goods and/or attributes. Even if the characteristics of the good are familiar to a respondent, it may still be cognitively challenging to conceptualise specific attribute levels (Rigby, Burton, and Pluske 2016) .
In the first part of this paper, we aim to compare choice behaviour of respondents that differ with respect to choice certainty, consistency, and monotonicity. We first investigate stated choice certainty. The information on choice certainty at the choice-task level enables us to investigate possible dynamic effects of choice certainty over the course of the experiment. Furthermore, we assess the effect of including choice certainty questions in the survey. For this purpose, we use a split-sample approach and present the choice certainty questions to only half of the respondents. The procedural effect of posing a question on certainty has, to the best of our knowledge, only been studied in Brouwer et al. (2010) . We add to this study by also investigating the potential effects caused by the presence of certainty questions at a choice-task-specific level. Next, in order to analyze choice consistency, the first choice task is randomly repeated at varying positions in the choice task sequence within the same DCE. This allows us to detect the degree of choice consistency, and to check for locational effects of the repeated task on consistency. Finally, choice monotonicity is assessed by including a choice task that involves a dominated choice alternative in a choice set.
The second part of the analysis comprises models that regress choice certainty, consistency, and monotonicity on possible determinants in order to identify common and unique drivers of these concepts. In doing so, we use a single model to simultaneously regress choice consistency and monotonicity on possible drivers as these concepts are likely to be correlated.
The remainder of this paper is structured as follows: Section 2 provides a literature review on choice certainty, consistency, and monotonicity. The literature review aims to identify the key determinants and hypotheses that will be used in the subsequent probit models. Section 3 describes the econometric models, and Section 4 the case study and the DCE design. Section 5 presents the results, and there follows a discussion and conclusions in Section 6.
Choice certainty, consistency, and monotonicity in discrete choice experiments
The literature on choice certainty in the context of DCEs can be divided into two streams, one of which investigates how to account for choice certainty in choice models, while the other focuses on the determinants of choice certainty. Within the first stream of literature, there are studies that consider stated choice certainty in choice models by excluding, recoding, or weighting responses according to their self-reported choice certainty (e.g. Beck, Fifer, and Rose 2016; Beck, Rose, and Hensher 2013; Kosenius 2009; Lundhede et al. 2009 ). Since treating choice certainty as an explanatory construct in this manner raises the issue of endogeneity, some authors have switched to more complex models which treat stated choice certainty as a latent construct (e.g. Dekker et al. 2016 ). Other studies focus on inferred rather than on stated choice certainty by assuming that a higher choice certainty is reflected in a lower error variance (Brouwer et al. 2010; Uggeldahl et al. 2016) . The second stream of research consists of studies that estimate mainly logit or probit models in order to investigate the determinants of stated choice certainty. These studies, and the significant determinants they detect, are listed in Table 1 .
The most common definition of choice consistency in the DCE literature is to make identical choices when faced with identical choice tasks 1 . Therefore, the usual test for choice consistency is c Certainty in terms of how certain it is that respondents will choose in a real situation the same alternative as they indicated they would choose in the choice tasks.
d Between the alternatives with the highest and the lowest utility in a choice task.
e The results of two case studies are reported. We only report the effects that proved to be stable across both case studies.
to repeat one or several choice tasks using either the same or different samples of respondents. This is implemented between separate choice survey occasions (test-retest) which implies a time-lag (Bliem, Getzner, and Rodiga-Laßnig 2012; Brouwer, Logar, and Sheremet 2016; Liebe, Meyerhoff, and Hartje 2012; Mørkbak and Olsen 2015; Rigby, Burton, and Pluske 2016; Schaafsma et al. 2014) or within the same survey which results in almost no time-lag or a lag in the order of few minutes (Brouwer et al. 2010; Brown et al. 2008; Campbell 2007; Carlsson, Mørkbak, and Olsen 2012; Hanley, Wright, and Koop 2002; Rigby, Burton, and Pluske 2016; Rulleau and Dachary-Bernard 2012; Scarpa, Campbell, and Hutchinson 2007; Soliño et al. 2012) . There is, again, a stream of literature that investigates the drivers of choice consistency in DCEs by estimating binomial models, listed in Table 2 . Note that all studies except Carlsson, Mørkbak, and Olsen (2012) investigate choice consistency in a test-retest setting.
A considerable amount of literature in health economics includes a test for monotonicity in the form of a choice task, where one alternative is superior to the other alternatives on all choice attributes (e.g. De Bekker-Grob, Ryan, and Gerard 2012; Determann et al. 2017; Lancsar and Louviere 2006; Özdemir et al. 2010; Soliño et al. 2012) . Based on the outcome of choice monotonicity tests, a part of the survey participants are typically excluded from further analysis in health studies. Examples of DCEs in environmental economics that include a choice task with a dominant or dominated alternative are: Bateman, Munro, and Poe (2008), Campbell (2007) , Foster and Mourato (2002) , Hanley, Wright, and Koop (2002) , and Scarpa, Campbell, and Hutchinson (2007) . However, the literature that investigates the determinants of choice monotonicity is limited and, to the best of our knowledge, non-existent in environmental economics. In health economics, San Miguel, Ryan, and Amaya-Amaya (2005), for example, test for monotonicity as suggested in this study and, in addition, run further monotonicity tests and regress their results on explanatory variables. Their most important finding implies that respondents who state they have great difficulty with a choice task are less likely to pass the monotonicity test, i.e. to choose the theoretically expected alternative. They also detect a positive effect of higher education on choice monotonicity, and a bell-shaped effect of age, indicating that both younger and older respondents have a lower probability of passing the monotonicity test. Finally, an inverted bell-shaped effect of the repeated task position reflects the situation that choice consistency is determined by learning effects for an early position of the repeated choice task, and by fatigue setting in for later positions (Swait and Adamowicz 2001a) .
The review of the literature reveals several key determinants of choice certainty, consistency, and monotonicity. The most important regressors identified are included in our analysis in Section 5.3. Variables that proved to be significant in at least three studies include gender, where we expect male respondents to state a higher choice certainty than female respondents. Furthermore, income seems Carlsson, Mørkbak, and Olsen (2012) Binary probit Choice of the status quo option in the first sequence (+) Later position of the repeated task (+) Stated certainty that the chosen alternativeprovides the largest utility (+) Utility difference a (+) Mørkbak and Olsen (2015) Binary probit Utility difference a (+) Income (−) Rigby, Burton, and Pluske (2016) Binary probit Willingness to take on more complex tasks (+) Entropy (−) Schaafsma et al. (2014) Binary probit None
Note: a Between the chosen and the second-best alternative.
to be important, although the direction of the effect is unclear: Brouwer et al. (2010) report a positive effect on choice certainty, whereas Hensher, Rose, and Greene (2012) find the opposite. Mørkbak and Olsen (2015) confirm the latter with respect to choice consistency. The authors argue that this may be due to a lower importance of the price attribute for high-income respondents, which adds more randomness to their choices. A further ambiguous variable is higher education, which is reported to have a positive effect on choice certainty and monotonicity by, respectively, Kosenius (2009) and San Miguel, Ryan, and Amaya-Amaya (2005) . On the other hand, Olsen et al. (2011) and Dekker et al. (2016) control for it, but find no effect. Based on the literature review, we also expect that positive (environmental) attitudes positively affect choice certainty and consistency. Furthermore, our analysis aims at assessing the explanatory power of entropy. Entropy originates from information theory (Shannon 1948; Soofi 1994; Swait and Adamowicz 2001b) . In the realm of DCEs, it describes the equality of a choice task's alternatives based on the predicted individual specific probabilities of choosing each alternative. We hypothesise that the higher the entropy, and therefore the more similar the choice alternatives in a choice task, the higher is the choicetask complexity. Higher choice-task complexity, in turn, is expected to reduce choice certainty, consistency, and monotonicity. Finally, we include two paradata variables related to time: The time spent by survey respondents reading informational pages that appear before the actual choice tasks, and the time used per choice task. The latter has been shown to outperform eye-tracking information in predicting stated choice certainty (Uggeldahl et al. 2016) . We expect the time used per choice task to have a negative impact on stated choice certainty, and the time used for reading informational pages to positively affect certainty, consistency, and monotonicity.
Econometric approach
The Swait-Louviere test procedure (Swait and Louviere 1993 ) is applied to assess whether there are differences between the choice behaviour of respondents who: (i) state they are certain or uncertain about their choices; (ii) choose consistently or inconsistently; (iii) were and were not asked a question on choice certainty; and (iv) were subjected to different positions of the repeated choice task in the choice sequence. The test procedure for verifying the equality of choice behaviour between all these groups of respondents consists of two steps. In a first step, the equality of preference parameters between different samples is assessed. If equality cannot be rejected, one is able to proceed to the second step of the test procedure and isolate differences in scale parameters between two samples. Note that scale parameters are inversely related to the error variance. If differences in scale parameters between the two samples cannot be rejected we cannot reject the equality of scale parameters between the two samples. Two models are used for regressing choice certainty, choice consistency, and choice monotonicity on their determinants. More specifically, we estimate a bivariate probit model to identify the determinants of choice consistency and monotonicity simultaneously, and an ordered probit model to assess the drivers of choice certainty (see, e.g. Cameron and Trivedi (2005) for a detailed econometric specification of these models). The latter is a random-effects panel specification, since choice certainty is analyzed at a choice-task level, whereas the model explaining choice consistency and monotonicity can only be estimated at the respondent level. Amongst other regressors, entropy as a measure of choice-task complexity is included. The procedure to entropy begins with estimating an attribute-only mixed logit (MXL) model based on the following MXL probability distribution for each individual n, alternative i, and choice task t:
On the basis of equation 1, the MXL model parameters are estimated by applying maximum likelihood estimation on the appropriate log-likelihood function. This model does not include any sociodemographic covariates, since the probit regression models that follow already control for these. Entropy was calculated by utilising the predicted choice probabilities P obtained from the MXL model, and estimates a value of choice-task complexity for each individual n and each choice task t as follows (Rigby, Burton, and Pluske 2016; Shannon 1948; Soofi 1994; Swait and Adamowicz 2001b) :
For the case of three choice alternatives in a choice task, entropy can reach a maximum value of approximately 1.1, when the probability of choosing an alternative is identical for all three choice options. In contrast, if the probability of choosing an alternative equals 1, entropy reaches its minimum value of 0.
4. Case-study description
Discrete choice experiment
Following the nuclear accident in Fukushima, Japan, the Swiss government released a policy paper on the long-term Swiss energy strategy in 2011 ('Energy Strategy 2050' (SFOE 2013)). Our study incorporates two main strategic goals of this energy strategy: The expansion of electricity produced by hydropower, and the phase-out of nuclear power plants. Hydropower and nuclear power constitute by far the most important sources of electricity production in Switzerland, with respective shares in total electricity production of 60% and 34% in 2015 (SFOE 2016) . From a policy perspective, an expansion of hydropower renders a phase-out of nuclear power more likely, since the probability and the consequences of a loss in electricity production that such a phase-out may involve could be reduced. Due to this interlinkage of the envisaged policies for the two main sources of electricity in Switzerland, the preferences for hydropower and nuclear power should correspondingly be studied simultaneously. For this reason, we designed a DCE that focuses on a hypothetical expansion of hydropower and takes into account the expected decrease in the provision of nuclear power. The DCE includes three choice alternatives: two unlabelled hydropower expansion scenarios, and one status quo scenario. The scenarios are characterised by four attributes and their associated levels, as summarised in Table 3 . The first attribute describes whether the current hydropower plants would be extended, or whether new facilities would be constructed. It is explained to survey respondents that the construction of new plants is associated with stronger detrimental environmental effects compared with the extension of existing plants. The second and third attributes reflect the changes in the risk of death associated with an expansion of hydropower and a reduction in nuclear power production, respectively. Both risk attributes can take on three levels, one of which appears only in the status quo alternative. The absolute risk magnitudes of both attributes were carefully constructed on the basis of data from existing studies Hirschberg 2008, 2014; Hirschberg et al. 2016 . Care was taken in communicating the risks of death to respondents with the help of risk ladders. The risk ladders put the risks associated with hydropower and nuclear power into context by comparing them with other risks of death. Finally, a price attribute was included which was framed as an increase in a household's yearly electricity bill 3 . The results of two pretest rounds with a total of 570 respondents (see Section 4.3) was used to define and calibrate meaningful attribute levels. Figure 1 presents an example of a choice task. Each respondent received a sequence of eight choice tasks.
Elicitation of choice certainty, consistency, and monotonicity
Choice certainty was elicited for every choice task. That is, we asked the survey participants the following question after each choice task: 'How certain are you about your choice?'. The question appeared on the same page as the choice task. A Likert-type answer scale with the following five options was presented: not certain at all, not certain, neither certain nor uncertain, certain, very certain. We used a split-sample approach, so that one sample of respondents was asked about their choice certainty (sample 1), while the other sample did not receive this question (sample 2). All other elements of the survey were identical for the two samples. This allows us to investigate the procedural effect of asking respondents about their choice certainty. Choice consistency was elicited by repeating the first choice task once again later in the choice-task sequence. The position of the repeated choice task varied between the 5th, 6th, 7th, and 8th (last) position in the choice-task sequence, and was randomly assigned to each respondent. Finally, we included a test for choice Figure 1 . Choice task example. monotonicity by adding a choice task with a dominated alternative. In this choice task, one of the two hypothetical alternatives was worse than the other hypothetical alternative with respect to all attributes. Although this choice task includes a strongly dominated choice alternative, there is no unique dominant alternative identifiable, since the non-dominated choice alternative and the status quo alternative do not dominate each other. This is because in our DCE design the levels of some attributes in the status quo alternative are better and others are worse than their levels in the non-dominated choice alternative. The position of the choice task involving a dominated alternative was fixed at the 4th position in the choice-task sequence for all respondents.
Sampling procedure and choice experiment design
Three rounds of survey pretests were conducted in order to test the understandability of the survey and of the DCE, as well as to derive prior estimates needed for generating the final choice design. First, 20 respondents were asked to fill in a paper-and-pencil version of the survey, followed by a personal interview. Second, 220 respondents, who were representative for the German-speaking part of Switzerland, were recruited to answer a first online-version of the DCE. In a third pretest, another 350 respondents answered the online survey. The final survey version was completed in June 2016 with a sample consisting of 502 respondents. The response rate was 16.3%. The samples for pretests and for the final survey were recruited by Intervista AG, a market research company with a panel of 50,000 registered individuals throughout Switzerland. The final sample of 502 respondents consisted of two independent samples comprising 248 and 254 respondents. The only distinction between them is the presence/absence of the choice certainty questions. Both samples are representative for the German-and French-speaking population of Switzerland which accounts for roughly 95% of the total Swiss population. The representativeness was safeguarded by independent recruitment which ensured equality of the samples and the general population with respect to gender, age, education, and the geographical distribution of residence within Switzerland. The independent recruitment of samples is also expected to minimise the impact of unobserved respondent heterogeneity (Dekker, Koster, and Brouwer 2014) .
We generated a D-efficient DCE design in Ngene 1.1.2. Bayesian priors that are bounded by the results of the second and third pretests, and that follow a normal distribution were used for the design-generating process. Such a specification allows for a random instead of a fixed distribution of priors, and hence takes the approximate character of pretest priors into account. A status quo option was included in the design generation using an alternative-specific constant (ASC) for the status quo alternative. Dominant alternatives were excluded in the design generation procedure, but a choice task which involved a dominated alternative was added to the choice sequence after the design generation process. The final experimental design consisted of two blocks of choice sets, each of which contained eight choice tasks. The two blocks were randomly assigned to the survey participants.
Results

Descriptive results
Following the criteria of Bateman et al. (2002) , we identified 31 protest responses which were excluded from further analysis. This leaves us with a remaining sample population of 235 respondents for sample 1 (which includes a question on choice certainty) and 248 respondents for sample 2 (without a question on choice certainty). No statistically significant differences between the samples with respect to any of the variables that were controlled for at the point of recruiting could be found. This holds even after excluding protest respondents (Table 4) . Figure 2 reports the choice-task-specific responses to the question on choice certainty for sample 1. The distribution of certainty values is left-skewed. On average, 64.4% of respondents stated that they were certain or very certain about all choice tasks. The dynamics of stated choice certainty across the choice tasks is limited: The share of respondents who indicated that they were certain or very certain about their choice slightly increases after the first choice task, but decreases again after the fourth task. The share of respondents who stated that they are either not certain or not certain at all decreases from 19.6% in the first choice task to 14.9% in the last choice task. Note that the 4th choice task includes a dominated alternative. As expected, the share of certain and very certain (not certain at all and not certain) respondents is highest (lowest) for this task. Statistical tests confirm that there is limited dynamics across the choice tasks: The Kruskal-Wallis test statistic for equality of choice certainty across all tasks cannot be rejected at the 10% significance level. The Mann-Whitney test for pairwise comparisons of choice certainty between the tasks rejects equality in 79% of all possible comparisons, and only finds significant differences between the tasks 1 and 4, 1 and 8, 2 and 4, 2 and 8, 4 and 5, and 5 and 8. Finally, the variance of stated choice certainty is lower within than between respondents, since almost 47% of the respondents indicated the same level of choice certainty across all choice tasks.
The inferred choice consistency according to the corresponding position of the repeated choice task is illustrated in Figure 3 . Two insights can be gained: First, the respondents in sample 2 seem to be more consistent than the respondents in sample 1, pointing to a possible interaction effect between the presence of a choice certainty question and choice consistency. Second, the choice consistency of respondents who were subjected to the repeated choice task later in the choice sequence seems to be slightly lower, which is especially true for sample 1. Nevertheless, none of these effects is statistically significant. The Mann-Whitney test for the equality in choice consistency between the two samples cannot be rejected (p-value of 0.14). Within-sample equality between the respondents who differ with respect to the position of the repeated choice task cannot be rejected either, when based on the Kruskal-Wallis test procedure (p-value of 0.67 and 0.98 for, respectively, samples 1 and 2). The share of monotonic respondents who did not choose the dominated alternative in the choice task that includes such an alternative are similar between the samples, with 88.1% and 86.7% of respondents choosing monotonically in, respectively, sample 1 and 2. These values are higher than the shares of consistent respondents. While choice monotonicity is higher for sample 1, choice consistency is higher for sample 2. The differences in monotonicity and consistency between samples 1 and 2 are, however, not statistically significant.
In order to investigate possible interactions between the three concepts across the two samples, Table 5 shows a cross-tabulation of frequencies of consistent and monotonic respondents. Table 5 reveals that the share of inconsistent respondents who also violate monotonicity (11%) does not differ significantly from the share of consistent respondents violating monotonicity (15.9%). A similar result holds for the share on non-monotonic respondents who behave inconsistently (59%), which is not dissimilar to theshare of monotonic respondents who violate consistency (68.7%). Hence, the descriptive results shown here reveal only limited behavioural interactions between choice consistency and monotonicity. This is supported by the low degree of association measured by Goodman and Kruskal's gamma. Nevertheless, it may be the case that average choice certainty levels differ between the four categories of respondents shown in Table 5 . However, the descriptive statistics reveal that this is not the case either: The self-reported average choice certainty values range from 2.5 (on the scale from 0 to 4) for non-consistent respondents to 2.6 for non-monotonic participants. Finally, Table 6 reports the pairwise correlation coefficients for choice consistency, monotonicity, and average choice certainty. Again, the low and statistically insignificant correlation values suggest independence of the three behavioural concepts in this specific study. 
Swait-Louviere test results
The Swait-Louviere test procedure as described in Section 3, was run to test the equality of choice behaviour between: (i) respondents who were certain and uncertain about their choices; (ii) consistent and inconsistent respondents; (iii) samples 1 and 2; and (iv), respondents who were subjected to the repeated choice task at different positions in the choice-task sequence. The test results are shown in Tables 7 (i-ii), 8 (iii), and 9 (iv) 4 . Table 7 reports the results of the Swait-Louviere tests that compare the choice models estimated separately for certain and uncertain respondents, as well as for consistent and inconsistent respondents. The test for equality of choice models estimated for monotonic and non-monotonic respondents could not be performed because the number of respondents categorised as non-monotonic was too low. Certain respondents were defined as respondents who stated that they were either certain or very certain about their choices (on average across all choice tasks). Survey participants who stated that they were neither certain nor uncertain (i.e. who selected the response category 'neither certain nor uncertain') are hence classified as uncertain. This definition results in 46% certain and 54% uncertain respondents. The first step of the Swait-Louviere test procedure convincingly rejects the equality of certain and uncertain, as well as the equality of consistent and inconsistent respondents (column 5 in Table 7 ). In this case, it is meaningless to proceed with the second step of testing the equality of scale parameters, which for this reason is not reported in Table 7 .
In order to compare choice behaviour between samples 1 and 2, Swait-Louviere tests were applied at the sample level and at the individual choice-task level. In the latter case, two choice tasks were merged for each test to ensure a sufficient number of observations for the identification of the models. That is, the choice tasks 1 and 2, 3 and 4, 5 and 6, and 7 and 8 were merged and, as such, compared for the two samples. Two main conclusions can be derived from the results presented in Table 8 . First, the hypothesis of equality of preference parameters between the samples 1 and 2 (row 1, column 5), as well as the test for equality of scale parameters (row 1, column 6), cannot be rejected. In other words, the choice behaviour between the respondents in samples 1 and 2 is not significantly different. This result implies that asking the respondents about their choice certainty does not lead to systematic differences in their choices. Second, the test for equality of the samples with respect to specific (pairs of) choice tasks confirms this result, since the equality of preference and scale parameters between the samples cannot be rejected for any task combinations. This means that the presence of a choice certainty question also has no effect on choices while controlling for the position of choice tasks within the sequence.
The results of the Swait-Louviere tests on the equality of choice behaviour between samples that differ with respect to the position of the repeated choice task show that the equality of the preference parameters cannot be rejected for any of the comparisons (column 5 in Table  9 ). In other words, different positions of the repeated choice task are not associated with procedural biases. This conform to our expectations, since respondents were not informed either about the presence of a repeated task or about its position. Neither can the majority of the tests for the equality of the scale parameters reject equality (column 6 in Table 9 ). Significant differences in scale are found between the samples that received the repeated task at the 5th and 6th position, and weakly significant differences between the samples that were shown the repeated task at the 6th and 7th position. The results concerning differences in scale parameters suggest that the error variance of the sample with a repeated choice task at the 5th position is generally higher than the error variance of samples that were shown the repeated task at a later position (column 8 in Table 9 ). A possible explanation is that the 5th choice task appears immediately after the task involving a dominated alternative, which could have caused increased randomness in the following choice task. 0.00*** n/a n/a n/a Consistent vs. inconsistent −1594.651 −1115.740 −2767.317 −2795.189 0.00*** n/a n/a n/a Monotonic vs. nonmonotonic not enough respondents to estimate a model based on non-monotonic respondents only Notes: ***p<0.01, **p<0.05, *p<0.1; LL: Log-likelihood; df: degrees of freedom. a Pooled MXL model allowing the scale parameters to vary between the samples (the scale parameter of the 1st sample is fixed at 1.) b Pooled MXL model constraining the scale parameters to be equal between the samples. c Test for differences in the preference parameters between the samples. d Test for differences in the scale parameters between the samples. Notes: ***p<0.01, **p<0.05, *p<0.1; LL: Log-likelihood; df: degrees of freedom. Table 9 . Swait-Louviere test results for equality of choice behaviour between samples that differ in the position of the repeated choice task (samples 1 and 2 merged).
Position of the repeated choice task 
Probit regression model results
The results of the ordered and bivariate probit models are shown in Table 10 . The model on choice certainty is estimated on sample 1 only, because only the respondents in this sample received the choice certainty questions. The model which simultaneously regresses choice consistency and monotonicity on possible determinants is estimated on the pooled sample of respondents. The effect of the follow-up certainty questions on choice consistency and monotonicity is controlled for by a dummy variable for sample 1 (the sample that contains the certainty question). Apart from theoretical expectations about the determinants of choice certainty, consistency, and monotonicity based on the existing literature, log-likelihood ratio tests were applied to find the model with the best fit. The correlations of the variables in both regressions are reasonable, with only a few pairs of variables that have correlation coefficients which are larger than 0.2. Excluding these variables does not affect the main conclusions. Note that the ordinal variable for choice certainty was reduced from five to four levels by merging the 'not certain at all' and 'not certain' response categories, because there were only a few observations in the most uncertain category. No case study-specific attributes are included in the analysis in order to ensure the generalisability of the results. Furthermore, choice task-specific effects are controlled for by choice-task-related variables, e.g. the variables which reflect the position of a choice task in the choice sequence and the measure of complexity (entropy). McFadden's (McFadden 1974) pseudo-R 2 values suggest that the models explain a rather small part of the variation in the data. However, we consider this not to be critical for three reasons: First, many of the pseudo-R 2 values found in the literature, if they are reported at all, are of comparable magnitudes (e.g. Colombo, Glenk, and Rocamora-Montiel 2016; Hensher, Rose, and Beck 2012; Kosenius 2009; Mørkbak and Olsen 2015) ; second, pseudo-R 2 values are, in general, considerably lower than the traditional R 2 values obtained in OLS regressions (McFadden 1979) ; and, third, the pseudo-R 2 is of minor interest in the context of this paper, as we are more interested in testing relationships than in building prediction models.
The results of the model on stated choice certainty indicates that the position of the choice task in the choice sequence has an inverted bell-shaped effect on choice certainty. This supports the results of San Miguel, Ryan, and Amaya-Amaya (2005), but, in our case, with respect to choice certainty. Since the choice certainty analysis embraces all choice tasks faced by each respondent, we include the time used per choice task as a regressor. This proves to exert a highly significant and negative effect, meaning that survey participants who used more time to complete a choice task are more likely to report a low choice certainty for that task. On the other hand, the time a respondent spent on reading relevant informational pages of the survey has no statistically significant effect on choice certainty as measured by common significance thresholds. However, the coefficient almost reaches the 10% significance level with a p-value of 0.12. All these informational pages (seven in total) appeared before the choice tasks, and conveyed information on hydropower, nuclear power, their associated risks, the expansion scenarios of hydropower, and the DCE. None of the informational pages contained survey questions. As expected, the coefficient of entropy is negative, implying that higher entropy, associated with increased choice-task complexity, results in lower choice certainty. The only sociodemographic variable that turns out to have a significant effect on choice certainty is gender. Female respondents seem to be less certain about their choices than male respondents. In contrast with the existing literature, we cannot report any effect of income on choice certainty. Respondents who state the survey to be very or rather understandable are significantly more likely to have a higher choice certainty. Finally, the random effects parameter, σ, is significant, meaning that stated choice certainty is correlated across the choice tasks within the set of an individual's responses (Olsen et al. 2011) . Log-likelihood ratio tests that compare the current model with ordered probit models without panel specifications show that there exists sufficient variability between individuals, and hence that a panel specification performs better than a standard ordered logistic regression 5 . Turning next to the results of the bivariate probit model on choice consistency and monotonicity, we find that female respondents are significantly more likely to choose monotonically. Note that we find the opposite effect of gender in the case of choice certainty, which shows that female respondents are less certain about their choices. Neither age nor the square root of age has an impact in any of the models. We hence cannot confirm the bell-shaped effect of age which is reported in San Miguel, Ryan, and Amaya-Amaya (2005) . As other variables are unaffected by the inclusion of the square root of age, we decided to exclude the square root of age in the final models. In the case of choice consistency and monotonicity, and in contrast to choice certainty, entropy remains insignificant. The time spent reading informational pages in the survey increases both, consistency and monotonicity. Finally, income uniquely affects choice monotonicity.
Discussion and conclusions
This study simultaneously investigates choice certainty, choice consistency, and choice monotonicity in the context of DCEs. Several conclusions can be drawn from the results of the Swait-Louviere tests. First, choice behaviour significantly differs between certain and uncertain, as well as between consistent and inconsistent, respondents. Second, we do not find a procedural effect caused by the inclusion of a choice certainty question after each choice task on choice certainty, consistency, or monotonicity. The procedural invariance with respect to choice certainty questions confirms the findings of Brouwer et al. (2010) . In addition to Brouwer et al. (2010) , we also investigate whether the same result holds at a choice-task level, and find that it does. In other words, there exists neither an overall nor a sequence-dependent procedural effect of asking follow-up choice certainty questions. Third, as expected, the equality of choice behaviour between samples that differ by the position of the repeated choice task cannot be rejected, which implies that the position of a repeated choice task in a choice-task sequence does not lead to any systematic changes in choice behaviour.
We identify a number of idiosyncratic determinants for each of the three concepts. However, we only find limited evidence for common drivers of choice certainty, consistency, and monotonicity, suggesting that these are rather separate constructs. The factors that seem to have an effect on all three concepts are the time spent reading informational pages in the survey and gender, although the evidence for the impact of gender on choice consistency is weak. Female participants are less certain about their choices, confirming the findings of Brouwer et al. (2010) , Dekker et al. (2016) , and Olsen et al. (2011) . At the same time, female respondents more often choose monotonically.
Choice uncertainty, inconsistency and non-monotonicity violate several assumptions and axioms underlying DCEs. Therefore, we need to better understand the underlying mechanisms to be able to minimise them and increase the validity and reliability of the DCE results. To this end, we develop a number of recommendations for the DCE literature based on our main findings. Significant differences between the choice behaviour of certain and uncertain and consistent and inconsistent survey participants imply that choice uncertainty and inconsistency can significantly influence the DCE results. It is hence important to control for these factors in the choice models in order to be able to capture their effects. The drivers of choice certainty, consistency, and monotonicity identified in this study could be used as explanatory variables in choice models in order to achieve this goal and possibly mitigate the issue of endogeneity. Moreover, there is evidence that it is necessary to ensure the utmost cognitive ease of a survey, as several results show that this is an important factor in reducing choice uncertainty, inconsistency, and non-monotonicity. Complexity of the choice tasks and the understandability of the survey, both of which are likely to be associated with the cognitive ease of responding to the choice questions, are expected to increase choice consistency. The time spent on choice tasks has a negative effect on choice certainty, and the time spent reading informational pages positively affects choice consistency and monotonicity. This suggests that the information part of the survey plays a crucial role in respondent decision-making and needs to be covered in as much detail as possible by the respondents. The level of information provision in stated preference research has a long history. Ensuring that all respondents fully understand the provided information is a major challenge in social surveys. Possible solutions to ensure respondents have read the information statement in online surveys is to ask them a limited number of follow-up questions, which can only be answered if they have read the preceding information, and not allowing them to proceed without answering these information related questions first. This option might be particularly challenging, however, to keep respondents interested in completing the survey. Procedurally, no reservations against directly asking survey respondents about their choice certainty can be confirmed.
Further research combining the analysis of choice certainty with the analysis of choice consistency and monotonicity could provide additional evidence on common and idiosyncratic drivers of these concepts. The results of the bivariate probit model estimated in this paper suggests that consistency and monotonicity are influenced by idiosyncratic regressors. In addition, a likelihood-ratio test shows that the independence of the errors terms between choice consistency and monotonicity in the bivariate probit model cannot be rejected. Both of these results suggest that choice consistency and monotonicity are independent constructs. Nevertheless, due to data limitations we could not combine the analysis of choice consistency and monotonicity with an analysis of choice certainty. An instrumental variable (IV) approach would allow this question to be answered more reliably. Since we did not find instruments that exclusively describe any of the three concepts with sufficient predictive power, and, at the same time, are not expected to be correlated with the other concepts, we were not able to conduct such an analysis. If other unique determinants were found, or those identified in this study were confirmed by other studies that analyze all three concepts simultaneously, it may be justified to estimate instrumental variable models which can provide further evidence for (the lack of) possible interrelations between the three concepts.
Finally, the results of this study suggest strong effects of gender on choice certainty and monotonicity. Although a rather extensive literature on gender differences exists in other areas of economics, such as behavioural experiments (e.g. Charness and Gneezy 2012) or marketing (e.g. Meyers-Levy and Loken 2015), there are only a few valuation studies in environmental economics which explicitly focus on gender effects. An example is Ladenburg and Olsen (2008) , who report a starting-point bias induced by an instructional choice set for female but not for male respondents.
